INTRODUCTION A fundamental problem i n quantum many-body theory i s the formulation o f a microscop i c d e s c r i p t i o n o f c o l l e c t i v e motion i n any subspace o f t h e H i l b e r t space.
Some progress i n t h i s f i e l d has been achieved r e c e n t l y by applying the mean-field methods f o r bound states, f i s s i o n and f u s i o n cross s e c t i o n /I/. TDHF equation describing the e v o l u t i o n o f a mean-field can be derived using the same time-dependent v a r i at i o n a l p r i n c i p l e which leads, i n t h e f u l l H i l b e r t space, t o the l i n e a r time-dependent Schrodinger equation. However, t h e TDHF equation i s nonlinear and, consequent l y , the p r i n c i p l e o f superposition does n o t h o l d anymore. Moreover, TDHF method i s formulated as an i n i t i a l value problem. A1 1 t h a t leads t o the suspicion t h a t the TDHF e v o l u t i o n e x h i b i t s c l a s s i c a l features and, therefore, i t cannot be applied f o r bound s t a t e s and f i s s i o n i n the same fashion as the Schrodinger theory. Some o f these d i f f i c u l t i e s could be removed by applying the r e g u l a r i t y and s i n g l evaluedness p r i n c i p l e (RSVP) t o the gauge-invariant wave f u n c t i o n /2/ o r t h e funct i o n a l i n t e g r a l representation (FIR) t o the many-body propagator evaluated i n the s t a t i o n a r y phase approximation (SPA) /3/. I n both approaches when a p p l i e d f o r bound s t a t e s t h e TDHF i n i t i a l value problem i s replaced by t h e TDHF t i m -p e r i o d i c boundary problem. However, i n c o n t r a s t t o FIR + SPA the RSV q u a n t i z a t i o n can be generalized f o r time-quasi -peri odic boundaries i n any subspace o f the Hi l b e r t space /2,4/. Below we apply the RSV c o n d i t i o n t o describe spontaneous f i s s i o n and quantized v i b r a t i o n a l modes i n quantal Hamiltonian system. The d e t a i l s o f the method are presented i n r e f . 2 and o n l y e s s e n t i a l ideas and i l l u s t r a t i v e examples wi 11 be summarized here.
OUTLINE OF THE METHOD
L e t us c o n~i d e r the subsp9ce I $ (~,~) l which i s specified by the canonical conjugate variables P-bl,. . . ,p l,+n=[7~~:. . . ,nk] . Each element i n t h i s subspace can be+ w r i t t e n as $ ( r ; t ) z $ f r ; p ( t ) , n ( t ) ) . The Hamilton's equations o f motion f o r p ( t ) ,
can be obtained from the v a r i a t i o n a l p r i n c i p l e :
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JOURNAL DE PHYSIQUE + + + q s s u m i~g the norm conserving v a r i a t i o n s o f $(r;p,n) /5/. Obviously, the t r a j e c t o r y p(t), n ( t ) f o r separable systems i s c o n d i t i o n a l l y p e r i o d i c . Moreover, t h e KAM Theorem /6/ assures t h a t even i n the presence o f a nonseparabie conservative p e r t u rbation, the motion i s determined wave f u n c t i o n which i s i n v a r i a n t under the gauge transformation H+H+B(t). I n the l i m i t o f i n f i n i t e l y l o n g time-evolution i n the r e g u l a r region o f the param e t r i c space the t r a j e c t o r y o f the Hamilton's system covers an i n v a r i a n t torus densely and uniformly. Thus, a t each p o i n t T one can+d$fine r e l a t i o n between the dynamical s t a t e s $(?; ; , $) o f t h e system f o r p o i n t s (p,n) on the i n v a r i a n t torus and the phase-determined gauge-i n v a r i a n t functions $G. For each ; t h i s re1 a t i o n should be a r e g u l a r and single-valued f u n c t i o n on the i n v a r i a n t torus, i .e. f o r any closed t r a j e c t o r y Co on the torus :
... Indeed the RSV c o n d i t i o n can be expressed i n the form o f the canonically i n v a r i a n t q u a n t i z a t i o n p r e s c r i p t i o n which f o r the Schrodinger dynamics i n the f u l l H i l b e r t space y i e l d s o n l y exact eiqenstates and, moreover, a1 1 o f them /2,4,7/.
The i nv a r i a n t t o r i i n RSVP are a n a l o y e s o f symmetries i n t h e Schrodinger problem. TUNNELING A s t r a i g h t f o r w a r d a p p l i c a t i o n o f the RSVP i n the many-body problem i s the estimate o f t h e t u n n e l i n g p r o b a b i l i t y . L e t us consider a one dimensional p o t e n t i a l b a r r i e r as shown i n f i g . 1. W e assume t h a t t h e gauge-invariant wave f u n c t i o n i n the c l a ss i c a l l y allowed region I f u l f i l s the RSV c o n d i t i o n i .e. the system i s i n one o f the s t a t e s prescribed by the RSV q u a n t i z a t i o n c o n d i t i o n /2/. Consider now the wave packet passing from region I regions. The wave function ( 4 ) s a t i s f i e s the 9SVP i n the whole space i f and only :
In t h i s case the solutions i n reaions I , 11, I11 can be joined smoothly a t t h e b a r r i e r and the transmission probability p e r unit time is where u1(E)=(2n)-' n'dp' and (agl/aE)=T1 is the o s c i l l a t i o n period i n region I . Thus, i n the r e s t r i c t e d subspace of t h e Hi1 b e r t space the spontaneous f i s s i o n width:
resembles the WKB r e s u l t . I t should be stressed t h a t i n contrast t o the FIR+ SPA the RSVP yields a c o r r e c t premultiplying f a c t o r .
In deriving P we have neglected the multiple r e f l e c t i o n of t h e wave packet inside a b a r r i e r as well as the feedback current. The t r u e tunneling probability through t h e potential b a r r i e r i s given by an i n f i n i t e s e r i e s of elementary transmission processes as shown schematically i n f i g . 2. Thick l i n e s with arrows i n f i g . 2 denote the incoming and outgoing packets respectively whereas t h e dashed l i n e s denote the reflected packets inside the b a r r i e r . For a l l independent processes depicted i n f i g . 2 t h e incoming current i s the same. Graphs i n the upper bracket contribute t o the transmission probability whereas those included i n the lower bracket increase the t o t a l reflectance of the b a r r i e r . Consequently, the t o t a l tunneling probabi 1 i t y i s given by a difference between the sum of p r o b a b i l i t i e s f o r " transmission graphs " and t h e sum of prababili t i e s f o r Fig. 2 A schematic presentation of graphs involved i n the quantum mechanical t r a n smission through t h e barr i e r . Direction of time i s denoted by t h e arrows.
I' feedback graphs ". This summation i s equivalent t o the averaging over the i n i t i a l e v o l u t i o n time i n I . A l l dynamical s t a t e s on the i n v a r i a n t torus i n region I can be reached i n the course o f i n f i n i t e l y l o n g l i m e -e v o l u t i o n o f the systems. Physically, one cannot s p e c i f y the dynamical s t a t e ~( r ,~( t , ) ,.rr(t,)) which a t t,<t=ti, leads . ..
t o the penetration o f a b a r r i e r . Thus, one s h o i l d average over an ensemble o f a l l i n i t i a l dynamical s t a t e s . This defines a quantized s t a t i o n a r y s t a t e JjG i n region I /2,8/. D i f f e r e n t independent transmission processes from Jj are d i s t i n g u i s h e d by t h e change o f the phase expi-kU2/2hl o f the gauge-invarian$ wave f u n c t i o n i n region 11, where k i s the number o f passages i n 11. Thus, one can e a s i l y c a l c u l a t e the
describes t h e I' h i s t o r y " o f t h e wave packet which entered region I 1 a f t e r " the f i r s t " h i t t i n g o f a p o t e n t i a l w a l l . The r e f l e c t e d wave packet comes bach a f t e r one o s c i l l a t i o n p e r i o d T i n i t i a l i z i n g the n e x t b u t one o u t o f an i n f i n i t e s e r i e s o f the independent h i s i o r i e s " o f t h e system. 
THE GAUGE INVARIANT QUANTIZATION
Conditions (3) express the RSYP f o r t h e gauge-invariant wave f u n c t i o n (2) on the i n v a r i a n t torus. Topology o f the torus s p e c i f i e s the s e t { C i } o f independent basic closed curves such t h a t each C can be continuously deformed i n t o a l i n e a r combination o f C i . Thus, eq. ( 3 ) ca8 be r e w r i t t e n i n the form : N j td; = 7 Mi f ; 
Ci + + + Thus, t h e RSVP f o r qJG(r;p,n) can be formulated i n a form o f the q u a n t i z a t i o n presc r i p t i o n /2/. A p a r t i c u l a r l y useful choice o f Ci i s such t h a t : 
C i 2 n I i denotes t h e Poincare surface o f section i n the d i r e c t i o n i. For TDHF the above q u a n t i z a t i o n procedure which i s based on investigatingphases o f the A -p a r t i c l e wave f u n c t i o n i s i m p r a c t i c a l . However, one can s t i 11 formulate the gauge-invariant q u a n t i z a t i o n r u l e s i n terms o f d e n s i t i e s and currents a l l o w i n g i n t h i s way f o r an easy i n s p e c t i o n o f the TDHF dynamics /lo/. L e t us consider the gauge-invariant

THE COUPLED VIBR4TIONS OF THE NON-SEPARABLE HAMILTON'S SYSTEM
RSV q u a n t i z a t i o n method as formulated above i s s t r i c t l y v a l i d f o r separable m u l t idimensional Hamilton systems. For these systems a t each e x c i t a t i o n energy and f o r each i-mode one can always f i n d an i n i t i a l c o n d i t i o n such t h a t the r a t i o o f a c t i o n i n t e g r a l s Ik/Ii=O ( k f i ) . Obviously, t h i s requirement i s n o t f u l f i l l e d f o r non-separable systems ( E ns#O). However, t h e RSV q u a n t i z a t i o n method may be s t i l l used as a v a l i d approximation f o r non-degenerate Hamilton systems close t o the separable ones. I n t h i s case i n v a r i a n t o r i e x i s t and t h e a c t i o n i n t e g r a l 7 e x h i b i t s o n l y F o r a l l p h y s i c a l l y s i g n i f i c a n t s t a t e s i n l i g h t n u c l e i i f Y Z an i n d i v i d u a l s.p. s t a t e ( n n n ) i s occupied then t h e s.p. s t a t e s ( n -l,ny, nz), Y Z (nxn n -I, n z ) , nx, n n z -l f a r e occupied as we1 1 . T h i s p r o p e r t y s i m p r i f i e s s i g n l f i -Y Y ' c a n t l y t h e TDDO c a l c u l a t i o n s and, moreover, i t a l l o w s t o e l i m i n a t e t h e cm wave f u n c t i o n . Thus t h e boosted s.p. wave f u n c t i o n can be w r i t t e n as y i e l d an accurate approximation o f t h e quantized states. One can n o t i c e immediately t h a t the p r i n c i p a l axes o f t h e t r a j e c t o r y region i n f i q . 4 are n o t p a r a l l e l t o the coordinate axes. This observation provides a suggestion about the possible method o f the systematic improvement o f hamil t o n i a n v a r i a b l e s . One would l i k e t o transform the o r i g i n a l coordinates t o the new ones i n which t h e t r a j e c t o r y region i s more symmetric and t o i n i t i a t e i n those new canonical variables t h e " normal modes "
T i ( ' ) . Such a procedure i s equivalent t o the consistent m o d i f i c a t i o n o f the i n i t i a l conditions so t h a t the Hamilton's n o t i o n i n the new canonical variables i s l e s s coupled. The group o f u n i t a r y and l i n e a r canonical transformations covers a l l poss i b l e i n i t i a l conditions w h i l e changing the two f r e e parameters o f the transformat i o n (angles o f the r o t a t i o n el , 02). This group i s a l s o simple enough f o r p r a c t ic a l a p p l i c a t i o n s . The f i n a l improvement o f the caustics can be achieved by c e r t a i n non-linear transformations which do n o t modify t h e i n i t i a l conditions b u t a l l o w t o c a l c u l a t e both I1 and I 2 actions a t the Poincare surfaces o f section. and Pi(p1,p2) (i=1,2) are given by t h e canonical transformation. Notice i n f i g . 6 a strong reduction o f t h e t r a j e c t o r y regions. This leads t o a decrease, by a f a ct o r 3-10, o f the a c t i o n i n t e g r a l s (dashed and dashed-dotted 1 ines i n f i g . 5 as compared t o the actions c a l c u l a t e d f o r t h e o r i g i n a l v a r i a b l e s ( t h e s o l i d curves i n f i g . 5 ) . One should stress t h a t the above procedure o f c o n s t r u c t i n g the most decoupled system i s n o t r e s t r i c t e d t o the weakly oupled, nondegenerate Hamilton's system. i f one represents the v i b r a t i o n s o f Z~N~ i n terms o f radius parameter qb generating the breathing mode and t h e deformation q generating the volume B
